Effects of ACTH and calcium on cyclic AMP production and steroid output by the zona glomerulosa (the capsular fraction) from the rat adrenal cortex have been studied. Although high concentrations of extracellular calcium potentiated the stimulatory action of ACTH on cyclic AMP and aldosterone output, tetracaine or verapamil inhibited aldosterone output but not cyclic AMP production during ACTH-stimulation. Lanthanum reduced both aldosterone and cyclic AMP accumulation induced by ACTH.
Synthesis of aldosterone has been believed to be stimulated by angiotensin II, potassium ions and ACTH. Attempts to demonstrate an effect of angiotensin II on adrenal adenylate cyclase activity (Schorr and Ney, 1971; Goodfriend and Lin, 1970: Masaka et al., 1974) or cyclic AMP levels (Saruta et al., 1972; Espiner et al., 1974) have thus far failed. Recent studies (Shima et al., 1976; Shima et al., 1977) from this laboratory have also demonstrated that angiotensin II stimulates aldosterone production by zona glomerulosa (the capsular fraction) of the rat adrenal, which is highly dependent on calcium but not cyclic AMP. Meanwhile, there is now a large body of evidence suggesting the action of ACTH on steroidogenes is is in part mediated by cyclic AMP increased during the stimulation of adrenocortical cells (Haynes, 1958; Haynes et al., 1959; Sutherland et al., 1965) . The previous paper (Shima et al., 1971) on the rat adrenal gland, however, reported that the adenylate cyclase system of the capsular fraction was stimu lated by ACTH to the same extentas the decapsulated fraction (the zona fasciculatareticularis), but the capsular steroidgenesis was controlled by ACTH in the different manner from that in which the decapsulat ed fraction was done.
The present study was designed to examine the effects of ACTH and calcium at various concentrations on the aldosterone and cyclic AMP production of the capsular fraction in comparison with their effects on the decapsulated fraction (Shima et al., 1979) from the rat adrenal cortex. -24 (corticotropin1-24, tetracosa Corticosteroids in the medium after 90min-incubation were extracted and purified by the procedure described previously (Shima et al., 1970Shima et al., 1968 . The determination of corticosterone concentration was made by H2SO4-induced fluorescence ton was determined by a radioimmunoassay (CEA-IRE-SORIN-Kit) (Kono et al., 1976) . 3). At a concentration of25.4mM calcium became inhibitory. The calcium-induced accumulation of cyclic AMP and aldosterone was further enhanced by the addition of ACTH (Fig.3) .
Materials and Methods

ACTH1
Tetracaine was inhibitory for aldosterone output induced by calcium or/and ACTH, but not for cyclic AMP production (Fig.3) .
Lanthanum was inhibitory for both the aldosterone and cyclic AMP accumulation either unstimulated or stimulated by ACTH (Fig.4) . A calcium ionophore, X537A stimulated aldoste rone output only in the calcium-free incu bation medium. In the presence of calcium in the medium, X537A was always inhibitory for steroidogenesis even in the ACTH (Fig.4) . Cyclic AMP accumulation induced by high concentratinn of calcium was abolisned by X537A (Fig.3) . Meanwhile, ACTH-stimulated cyclic AMP production was not prevented by the calcium ionophore (Fig.4) .
Discussion
The previous study on the capsular fraction of the rat adrenal gland (Shima et al., 1976; Shima et al., 1978) indicated that the cyclic AMP system was not involved in the steroidogenic stimulation by angiotensin II. The finding that low concentrations of ACTH stimulate aldosterone output in a typical concentration-dependent manner corresponding with a rise in cyclic AMP appears to prove cyclic AMP to be the obligatory intermediate of ACTH action on aldosterone output by the capsular fraction (Fig.2) . This is, however, unlikely to be the case. Stimulation of ACTH on aldosterone output was completely inhibited by tetracaine or verapamil, while elevated cyclic AMP levels by ACTH were still maintained even in the presence of tetracaine or verapamil (Fig.3and4) .
There was an apparent dissociation between capsular steroid output and cyclic AMP production during ACTH stimulation.
Raising calcium concentrations in the medium increased cyclic AMP accumulation as seen in the decapsulated fraction (Shima et al., 1979) , suggesting a stimulatory action of external calcium on the cell surface coupled to adenylate cyclase in the membrane independently of ACTH receptors. It is also of interest that unlike the decapsulated fraction, high concentrations of calcium itself were stimulatory to the capsular steroidogenesis (Fig.3) . This suggests that external calcium is more easily available for steroidogenesis by the glomerulosa cells than the fasciculata-reticularis cells of the adrenal cortex.
Aldosterone production by the capsular fraction, susceptible to tetracaine or verapamil (Ffg.3and4) was quite different from corticosterone production by the decapsulated fraction, where these calcium antagonists were without effect (Shima et al., 1979) . Steroidogenesis by the capsular fraction stimulated by ACTH might be in the process of calcium influx sensitive to tetracaine (Blaustein and Goldman, 1966; Feinstein and Paimre, 1967; Kwant and Seeman, 1969) or verapamil (Watanabe and Besch, 1974; Devis et al., 1975; Shapiro et al., 1977) , and distinct from the cyclic AMP system. Moreover, in the capsular fraction the activation of receptors of ACTH would interact with the calcium channels to increase intracellular calium in the different manner from the ACTH action on the decapsulated fraction. Lanthanum was also inhibitory to aldosterone output by the capsular fraction either unstimulated or stim ulated by ACTH. These results again confirm the previous finding (Shima et al., 1976; Shima et al., 1978 ) that steroidogenesis by the capsular fraction is highly dependent on calcium.
Meanwhile, calcium would interact with ACTH receptors linked to adenylate cyclase to increase cyclic AMP levels, which are separated from the process of the calcium current coupled to steroidogenesis. Tetracaine, verapamil or lanthanum completely inhibited steroidogenesis by the capsular fraction (Fig.3and4) .
As to cyclic AMP system, tetracaine or verapamil was also without effect on ACTH-elevated cyclic AMP levels as observed in the decapsulated fraction. Lanthanum, which is inhibitory to cyclic AMP system in the decapsulated fraction (Browitz, 1972; Haksar et al., 1976) , also inhibited ACTH-induced cyclic AMP accumulation in the capsular fraction (Fig.  4) .
The previous experiment (Shima et al., 1978) demonstrated that the capsular cyclic AMP levels were increased by calcium-deprivation by EGTA treatment. The present experiment also confirmed that an increase in cyclic AMP by calcium-deprivation occurred not in the decapsulated fraction (Shima et al., 1979) but only in the capsular. No increase in the medullary cyclic AMP of the rat adrenal gland was also observed by omission of calcium from the incubation medium (Shima et al., 1977) . Rubin et al. (1972) have reported on an increase in the whole adrenal cyclic AMP accumulation by removal of calcium from the medium. The present findings that increasing concentrations of calcium are stimulatory to cyclic AMP system (Shima et al., 1976; Shima et al., 1979; 1978) (Fig. 3) are not compatible with the hypothesis that the mechanism of cyclic AMP system stimulated by calcium-deprivation is similar to that of ACTH (Rubin et al., 1972) . Increased cyclic AMP levels by EGTA-treatment could be partly explained to be due to the decrease in cyclic AMP metabolism including cyclic nucleotides-phosphodiesterase activites (Levin and Weiss, 1976) . Extremely higher activi ties of cyclic AMP-phosphodiesterase have been found in the capsular than in the decapsulated fraction (Guidotti and Costa, 1974; Gallant et al., 1974; Shima et al., 1978) . Tetracaine was markedly effective in inhibiting cyclic AMPphosphodiesterase activities of the capsular fraction (Shima et al., 1978) . ACTH would interact with extracellular calcium in stimulating the cyclic AMP system of the capsular fraction which might not be linked to aldosterone production.
Alternatively, ACTH receptors would act on giving access of calcium to a calcium binding activator site which coupled to the adenylate cyclase in the capsular membrane.
Meanwhile, steroidogenesis by the capsular fraction might be stimulated by ACTH exclusively through the process of the calcium channels, without involvement of cyclic AMP system. Unlike the decapsulated fraction, the effects of X537A were observed to be inhibitory for ACTH-and/or calciuminduced aldosterone production (Fig.3and  4) . The decrease in aldosterone output seen even in the medium as low as0.1mM calcium with X537A could explain an excess of intracellular calcium, which in turn inhibited steroidogenesis. An increase in aldosterone in calcium free medium with X537A would be interpreted as the stimulation of membrane-bound or stored calcium released by the calcium ionophore (Vale and Carvalho, 1975) , which might be sufficient for steroidogenic stimulation (Fig.3) .
Moreover, the capsular steroidogenesis might be more sensitive to intracellular calcium concentrations than the decapsulated gland.
